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The  Anopheles  gambiae  complex  includes  six  morphologically  iden*:ical  species. 
of  which  (A.  gambiae  and  A.  arabier.sis)  are  the  p'  lmaiy  African  malaria  vectois 
today.  Since  two  or  more  of  the  species  are  commonlv  sympatric.  epidemiological 
studies  to  determine  the  invol.ement  of  each  in  malaria  transmission  h.ive  been 
difficult.  This  reoort  describes  our  efforts  to  develop  a  DNA  probe  to  distm- 
quisti  A.  gambiae  from  A.  arabierisis.  The  PNA  probe  is  a  fragment  of  >  DMA  frcm  A 
gamoiae  which  Cisplays  an  RALP  wt'en  the  two  species  are  ccmparep  pv  Scuthe  n  aia 
l.sis.  Thus  far  the  p’ obe  has  proven  to  t.e  extremely  secisiti.e  i  ■.  a'  hr 

used  e/en  witt.  sheet  e-pus_.res  to  diagnose  single  adult  mosquitoes  'c-  pait* 
thc^reot'!  jf  rath  sexes.  i  a'  xae  and  pupae  -j' r-  simi.a'  .  ,  easy  'o  n  i  n :  ng  ,  i  >-n  . 
Spec. mens  .ept  df’ss  i  c  iite.j  at  room  tempe' atu' e  for  a'  Icmg  nine  mcotnc,  [-3  n, 

S'O'f.].  We  ha.e  ,1ema  ns  t .  3 1  ed  tea*  the  I  M*-  pi  ot.e  metnoo  '31.  also  oe  'eciPi,.  .se  1 
on  X  i  c  .1  tei;  atidOTie'i':  ,  wt  .le  t^ie  tt,c.ra.-px  t  a  .  e  tire’  ..sed  •'0  sp- '  , .  p  „  x.. 
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ANNUAL  REPORT 


1.  Statement  of  Problem  Under  Study:  The  two  major  malaria  vectors?  A,  gambiae 
and  A.  arabiensis  are  morphologically  indistinguishable  (1»E).  Yet  biological 
studies  indicate  that  these  two  sympatnc  species  may  not  be  equally  involved  in 
malaria  transmission  in  those  areas  where  they  co--exist  (3?A).  Therefore,  the 
resolution  of  a  number  of  important  ep idemi o log ica 1  question  concerning  their 
role  in  malaria  transmission  is  currently  impossible.  Epidemiological  studies 
require  a  reliable  means  foi'  species  i dent i f ica t i on  of  individual  field  speci¬ 
mens.  Moreover,  these  individuals  must  also  be  assayed  for  the  presence  of  the 
malaria  sporozoite.  Pre'iently,  the  only  completely  reliable  means  for  species 
identification  of  adults  is  based  upon  examination  of  ovarian  nurse  cell  polytene 
chromosome?.  (5>.  Alternative  procedures  based  on  enzyme  electromorphs  or  those 
based  on  cuticular  hydrocarbon  profiles  ( i )  are  not  reliable.  Clearly,  the'^e  are 
nurerous  reasors  why  neither  enzyme  variation  no'  HPLC  are  practical  epidemiolog¬ 
ical  tools  ■^or  field  specimens.  fhus  far,  however,  several  reliable  immunologi¬ 
cal  procedures  to  assay  sporozoites  m  dried  field  specimens  have  just  been  de- 
/eloped  i'^-lli.  Therefore,  a  very  useful  addition  to  these  epidemiological  tools 
would  be  a  means  of  reliably  identifying  the  species  of  individual  dried  miosqui- 
toes.  This  'eport  will  discuss  our  current  efforts  which  have  resulted  in  the 
development  of  a  reliable  species  assay. 


(?.  Baciyrc'und :  Manv'  cf  the  .major  malaria  -/ectors  are  members  of  species  com- 
plexes,  for'  ipc.taiice,  A.  culicifacies  '121,  A.  leucosphyrus  il3).  and  the  A.  *a'' 
a.iti  s. bring  =e'-ies  ilA).  In  these  complexes,  as  well  as  in  the  A.  gampiae  cc.''- 
pie-:,  'eliable  species  ident  i  f  icatiori  o'"  individuals  is  curi'ently  tedious  and 
Ji'^’fioult.  Since  malaria  lontinues  to  'epreseit  a  majO''  world  health  p''cbl?m, 
eo  1  dem  1 0 1 'Oig  1  c a  1  studios  with  these  species  is  crucial. 


O'l''  studier  ■^onus.ed  on  two  sympat'^ic  species,  A.  gambiae  ar>d  A.  arabiens^is.  h  ;■ 
P''oprsal  '/pothesired  that  ttip  geno.-'in  DNA  of  these  two  specie's  currently  di’^ie'-, 
1  .  wa  .  s  tr.at  w.ouid  p'srrnit  -eliable  speci>'S  ident  i  f  ic, it  i  j-'.  ’  r'l  p  ii  t  i  ■.  u  1  a’’ .  wo 

‘■rug";  *0  develop  a  species  differentiating  assay  b.ised  up.nr,  r  e''- 1  r  ;  r  1 1 o  ■'I'riCT.: 
length  po  1  . -rr  .rih  i  srr  js  dete-oted  by  either  tiete  (il-'jrr.is  or  spe; ;  ?'S -sopr- ;  r  ; , 
pr'ooec.  D'.ri.ig  .or,,r  yea'  r-f  wori  iriv  foi.ii''Cl  tlrat  rerta;-'  <;Cir-c,  rf-s  sr-e  ;  f ;  ‘v 

q.,j-i'eo  wj.jld  bn-  .most  iseful  for-  ‘■he  asc-s-,  -we  so-ich'  ‘o  d'O . -o  i 'jp .  -u  c •  u 

0  .•■  ‘^ffu'‘s  ha.p  ■♦’oci.iserj  uor:  o  these  seauences  rattier  t‘ ti,''  t.ete '  n  1  n  .:o s  :  '.otei, 

1.  it  ; i  e  ;  A  si. :  y  t  in  r  i 1  .’o.tv  cf  e. 

;.e  r  f  sliced  s.;.e.  iv.  1  5 . 1 ;  .  1 "  '  .  f; 
e-  c  r-r  'ic’t'.vt  e.  n.i-r'h  ae  o.  'd  A.  ..rabiei 
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least  EOO  copies  per  genome  arranged  in  a  ■few  large  tandem  assays  (18).  The’-e- 
forei  the  rDNA  genes  possess  the  ability  to  yield  useful  RFLPs  as  well  as 
species-specific  sequences,  both  of  which  would  be  the  basis  for  a  diagnostic  as- 


4.  Experiments  and  Results:  Development  of  a  single  mosquito  species  assay  used 
to  distinguish  A.  gambiae  from  A.  arabiensis.  The  strategy  employed  i  ri  this  work 
was  to  quickly  identify  portion(s)  of  an  rDMA  gene  in  A.  gambiae  which  were  non¬ 
coding  regions;  i.e..  the  introns  and  spacers.  Such  non-coding  DUA  fragment(s) 
would  then  be  the  basis  far  further  studies  to  determine  whether  they  could  re¬ 
veal  an  RFLP  m  A.  arabiensis  DMA. 


'i'  Isolation  of  a  diagnostic  cloned  rDNA  fragment.  An  A.  gambiae  gc'nomic  li- 
ttarv  was  screened  with  a  Sciara  coprophila  rDNA  clone  (  1 )  which  contains  one 
com.plete  cistron.  Trurty-two  A.  gambiae  rDNA-conta  i  ni  ng  phage  were  isolated  and 
selected  for  further  analysis.  These  clones  were  restricted  with  various  encymes 
and  Subjected  to  Southern  anal/sis.  in  order  to  find  nonconserved  regions  that 
rright  he  used  to  ri.^veal  differ£‘nce5  between  the  species.  "^he  blots  were  there- 
fn-e  p-ofced  cjith  Sciar.i  iTNA  which  is  not  expected  to  hyhridi.ce  to  fragments  f'-om 
the  nnrconser.ed  regions  Pe>strictiO!  fragments  trcn.  such  •'egicns  '  toosr’  not 
t  r  i  d  :  c  1  ng  tr;  the  Scia'a  probe)  we  ■  e  then  isolated  from  gels  and  used  t;  probe  ge - 
rcr'i'"  :3cut‘'ern  blofs  cf  A.  gj:'biae  arc  A.  a'atiensis  DNA.  Clcne  XAgr'.S.  s)'oi-;r.  ; 
'lO-.re  1.  wa'v  fo'iod  to  contiiri  a  ''.'.5Fkh  FcoPl-Fiail  restrictior  fragcie-.t  wrcict- 
"  ns  1 Q 'g-.t  i  y  showed  a  different  pattern  o*  tivtc  i  tizatiar  to  A.  gambiae  .ercus  . 

a'^atuensis  geromi*  DMA.  The  C.5Rk!:i  FcoPI-nall  f^'eament  is  rer  y  close  to  the-  ?' 
^erm.iri'js  -o  ^  legior  of  the  Tiosquitn  ■■DNA  cistrcn.  Hyb’"  i  d ;  cat  lo-''  of  t^e 

niii.'.  and  '.'a 1  ;  phoi  a  pr  chns  i  ••  .e'v  wear  m  this  leginr'.  suggesting  a  low  legriig 
of  ,•  f  .  a  I  .  0 'i ,  ye*'  rhis  t-e.gmcM'it  is  '•■ign'.  ,  cc--ae'  /ed  amm-g  oiffe'ent  geograph-e 

a  t  nf  t*"*.-  r)i'ef=  -Tefr-C-er  spe.-c  les  i  ■  toe  A.  -'jamb-ae  coc-ple  thus  far  e-anint-p, 

F^  ^!-rail  m  r  rtipe'-ts  in.ariatlv  -rhnv.  tte  C'.D’tti  f r  ng-rcr; t  .  an-cl  s 

-ieui  e  Je  t  ir  1 1  3t  1  le.els  c  •'  inte-  cis-t'-.rur  va'-iat.cn  in  eitne'  ,?f  tt'e-e 
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F-ig.  1.  ^Agrl2  Restriction  map.  The  approximate  locations  of  the  IBS  and  BBS 
regions  were  determined  by  hybridization  with  heterologous  Sc_iar_a  rDNA  (p6CE)» 
kindly  provided  by  S.  Gerbi»  and  Call iphora  rDNA  (pKB-4S  and  pKB-33),  kindly 
provided  K.  Beckingham.  ^  AgrlB  contains  slightly  more  than  1  rDNA  cistron?  in¬ 
cluding  the  NTS.  The  dashed  line  indicates  weak  hybridization  to  the  heterolo¬ 
gous  probes.  The  .59kb  EcoRI-Sall  restriction  fragment  which  reveals  a  diagnos¬ 
tic  restriction  fragment  length  polymorphism  between  A.  gambiae  and  A.  arabiensis 
is  shown  as  a  darkened  bar. 
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Fig.  S.  Hybridization  of  pAgrlSA  to  EcoRI  digests  of  single  dried  female  mos¬ 
quitoes.  Species  and  geographic  origin  of  specimens  are  as  follows:  (1)  A. 
m^l^  (The  Gambia)*  (2)  A.  ar^biensis  (Sudan*  SENNAR  colony)*  (3)  A.  arab_ie_n5is 
(Sudan*  G/MAL  colony)*  (4)  A.  arabiensis  (Kenya)*  (S)  A.  arabiensjs  (Burkina 
Kaso)*  (6)  A.  gambiae  (Tanzania)*  (7)  A.  gambiae  (Zanzibar),  (B)  A.  gambXae 
(Kenya)*  (9)  A.  gambiae  (Nigeria)*  (10)  A.  gambiae  (The  Gambia*  G3  colony). 
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tion  in  A.  arabiensis  and  A.  melas  are  probably  doe  to  i n ter -r i s t r c n i r  variation 
in  the  spacer  region. 


In  summary,  specimens  dessicated  by  a  very  simple  iiethrd  shoir;  no  e.ide-nce  u* 
DNA  degradation  even  when  stored  at  room  temperature  for  as  long  as  nine  months. 
Moreover,  in  other  preliminary  experiments  we  found  that  oiher  life  stages  such 
as  second  instar  larvae  and  pupae  (and  otiviously  both  se-' es )  are  leadilv  scored 
by  the  DNA  probe. 

(ill..  Genomic  location  of  the  diagnostic  probe.  Organ  i  z  a  t  :  ori  cf  the  rpt-id 
cistron  app'ears  to  be  the  same  in  both  males  and  females,  as  judged  bv  Souther.-, 
blots  of  male  and  female  DNA.  Howeve-’ ,  tne  intensit.  nf  h /pr  i  c  i  zat  i  on  cf  jAgrlSi 
to  gpnomic  Souther’n  blots,  as  shown  in  figure  3,  indicates  tt>at  males  tia-e  a 
smaller  rurnber  of  total  copies,  whict;  is  e-  peoted  if  the  rDNA  yc'es  reside  or. 

X  chromosome .  A.  ga.mbiae-A.  araoier.sis  nyt.rid  female  mosquitoes  r^a- ed  in  ttie 
laboratc.'y  contain  both  of  the  parental  types  of  rDNA  cistron-^  ( !“ ,  q .  ~ .  Male 
hybrids,  on  the  ether  hand,  ihcw  the  cistrcn  etrrjrture  of  the  female  pa  ent.  in¬ 
dicating  that  the  rPNA  genes  are  located  (ji-imarily  if  rot  ecc  i  us  i  ■.  e  1  y  nn  the 
rh romosoiTie .  This  finding  directly  associates  t(ie  dtagn'cstic  probe  with  that  p'ac 
of  the  mnsauito  genome  (the  >  ctiromosome)  currently  used  as  the  basis  fc-  cvtoge 
net  1C  spec i at  ion. 

11.'.'.  Compatibility  of  I. he  DNA  probe  metnc.d  with  the  sporocoite  assa.  and 
oloc'd  f'leai  analysis.  I  r,  oi  der  to  determine  whether  tt.e  prebe  could  l.e  used  to 
assa,'  single  mosquitoes  *'or  the  piesence  of  the  malaria  parasite,  .-le  obtaiir-d  -a 
ni.mtjer  rf  field  sperimiens  whicti  had  beer  dessicated  fc.r  at  least  Is  mu  ith=.  e 
r  osq  u  i  t  OF-E  i-ere  -ut  sc.  *hat  D'"  .  Golliims  letained  thy  head  and  *Qr  t  ,e  =nc 

'Tzoite  assay  ( i:  1  .  and  we  testec^  ttie  abdc.m.pr.s.  The  cesults.  shown  'able  1. 
indicate  that  rc.g  diagnr.stic  probe  can  reacil,  d  i  s  t ; '  .gu  •  sn  tpe  les  ,jS  ci'l'.  p.i;  ‘ 
of  1,  diif'ci  sprciT,...r.  "Th.-j  p-ooortions  o  ‘  r.ambi.ie  anc  arabiensis  i"  A-rsmte  .A  .c" 
we  found  are  s ;  m ,  lac  tn  those  ‘^ound  by  other  wor  I- .=>,■  s .  -inr£.  thece  ice  I'-c-cs  .-ve  ‘ 
oni'e  ;  ;r  ard  we  did  these  e -ipe '  i  mienrs  at  a  tim.e  whf;i  our  nir-  ■?  ‘lactinr  proje- 
’’.jre  had  ic*  L.er'"'  tpd  i  i  .-t  d  .  tt  ere  a-'e  ar  >  .na^  ce.c ,i;j  1  o  n...-'C'e'  ■  *'  u-ce  ids.:  i -r-  irdi 
.I'-'L.als  st.ow  ir  'ntle  !.  '-iir.-cs’  ttier,.  h.jwc- .c-'r  .  wi.-,-  ha,e  ^.^.i  >  ,f  -  n,.;  r.  , , 

if,  •; r  Tir-i' '  *■ ,  f  -j.  'i  I  •' i;*  i  I . 

Fr;ir;;  irpr-ia'.t  C  0  n ,  ap v  y  .  |  r  ,,  .1 :  ;r;  t . S  t  1  C  l  ldr  ■■d' e  '  r  t  r  -  c. 

o.-t::;ic  -j  tr  t  I  c  od  .roai  j'-.ai.  is.  ''he  .3  in  p'  ‘ 


it’’  ,  *  ■  i  .  d  ’ 
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Fig.  3.  Hybridization  of  pAGrlSA  to  single  dried  male  and  female  mosquitoes  or 
mosquito  abdomens.  Lane  (1)  A.  qambiae  female*  (2)  A.  gambiae  female  (blood- 
fed)*  (3)  A.  qambiae  female  (abdomen  only)*  (4)  A.  qambiae  male*  (5)  A.  arabien- 
sis  female*  (6)  A.  arabiensis  male*  (7)  A.  melas  female*  (8)  A.  melas  male*  (9) 

•  arabiensis  hybrid  female*  (10)  A.  gambiae- A.  arabiensi^s  hybrid 
male*  (11)  A.  arabiensis-A.  qambiae  hybrid  female,  (12)  A.  arab iensis-A.  qambiae 
hybrid  male.  Female  parent  is  listed  first  for  all  hybrids.  DNA  from  a  single 
abdomen  is  clearly  more  than  sufficient  to  make  a  species  identification.  Fur¬ 
thermore*  the  presence  of  a  blood  meal  in  the  abdomen  does  not  significantly  re¬ 
duce  DNA  yield.  Uessicated  individual  pupae  and  larvae  (all  instars  except  the 
first)  can  also  be  readily  speciated. 


Table  1.  Result  of  testing  abdoeens  of  A.  gaebia  coeplex  eosquitoes 
collected  in  Aseebo  area  of  Kenya  in  October  198S. 


Species 

DNA 

Abdomens  from: 

A .  gamb i a 

A- 

arab iensis 

not 

readable 

Plasmodium  falciparum 

infected  mosquitoes 

47  (Vby.) 

17  (£7*/.) 

- «j 

a 

— 

Uninfected  mosquitoes 


va  (4Vy.) 


80  (br/.> 


9 


. 


Figure  Hap  of  Kenya  showing  locations  from  which  specimens  were 


obtained. 


Fig  5 

Octanol  dehydrogenase  electromorphs  found  in  the  Kenya 
field  samples.  Lane  1,  A-  arablensls  from  the  G/MAL 
colony;  lanes  2-3  are  A-  arablensls  from  Ahero;  lane  4,  is 
sn  A.  arablensls  (G/MAL)  x  A-  gJffiMae  (G3)  hybrid  produced 
In  the  laboratory;  lanes  5-7,  are  A*  Wmblae  from  the  GO-66 
colony  established  with  specimens  collected  in  Gombe . 
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Hybridization  of  the  pAgll2A  probe  to  EcoRl  digests 
field-collected  specimens.  Lanes  1-5,  Individual 
mosquitoes  from  different  Ahero  families;  lanes  6-9 
Individuals  from  Gombe  families. 


I 
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Table  Z.  DBA  probe  and  Odh  isozyme  analyses  of  Anopheles  gamblae  complex 
mosquitoes  from  Kenya.* 


Location 


Ahero 


Probe-Cheeked  Families 
Ho.  Probe  Result 

1  eambiae 

3  A-  arablensis 

1  A>  arabiensls 

1  A*  arabiensls 


ODH  Alleles  Present 
90  95  98  100  105 

+ 

+  + 

+ 


Asembo 


1 

8 

1 

1 

1 

1 

4 

3 


A.  gamblae 
A.  gamblae 
A.  gamblae 
A.  aralfienaU 
A.  arabiensls 
A.  arabiensls 
A.  arabiensls 
A*  Mableaala 


♦ 

+ 

+ 


♦ 

♦ 

+ 

♦ 

+ 


Combe 


10 

1 

1 

1 

1 

1 


A.  *«wbiae 
A*  arablensia 
A.  arablenais 
A-  arablenaia 
A.  arablensia 
A*  arabiensls 


4- 

♦ 

♦ 

♦ 


Sabakl 

86 

A.  MinliUi 

1 

A.  Mmbln 

25 

A-  Auhlnuli 

♦ 


♦ 


♦ 


Results  for  auiterlal  froa  Ahero,  Aseabo,  and  Gombe  represent  analysis 
of  at  least  two  mosquitoes  from  each  family  for  DNA  type  and  an 
additional  two  mosquitoes  for  Odh  Isozymes.  Results  for  material 
from  Sabakti  represent  DNA  probe  and  Odh  Isozyme  analyses  c.n  single 
mosquitoes  (the  abdomen  betnq  used  for  0<lh  analysis  and  the 
head-thoras  portion  belna  used  for  DNA  typing)- 
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Table  3.  Results  of  testing  individual  field  specimens  by  DNA  probe  and  cytogenetic  methods 
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